Sumimtary. The initiation of perithecia in the homothallic ascomycete Sordaria fimiiicola was completely suppressed, without seriously inhibiting vegetative growth, by growing the fungus on an agar medium containing one of the following additions: 1) 1 uM 5-fluorouracil, 2) 10 to 100 jum 6-azauracil, 8-azaguanine or 8-azaadenine, 3) 50 to 500 uM cyanide or azide, 4) 5 % (w/,v) casein 'hydrolysate. In contrast to the selective activity of the analogues of 3 RNA bases, whose inhibition could be reversed by the appropriate normal bases only, none of the analogues of thymine were active, neither were the thio-derivatives of RNA bases. Other inhibitors of RNA and protein synthesis, like actinomycin D, puromycin and cycloheximide, were also without selective activity, although the last of these inhibited perithecial maturation at 0.1 um concentration but not initiation. Amino acid analogues were inactive, as were the metabolic inhibitors thiourea, 2,4-dinitrophenol and fluoride. The compounds which inhibited the formation of perithecia also lowered the branching frequencv of leading hyphae, but not their linear growth rates. Consequently, the branch (lensities wvere diminished in their presence. Hypotheses to account for these findings are discussed in terms of inhibition of growth in general, of the synthesis of some specific messenger RNAs, and of RNA-mediated transport across membranes, the last of which seeming the most fruitful for further work.
Purine and pyrimidine analogues have been found to intervene at crucial developmental stages in both plants and animals. One of the most direct of these effects on p'aants was the suppression by some of the RNA base analogues of the normal sheet-like (cordate) growth of fern gametophytes while permitting their continued filamentous growth (3, 20, 21, 22, 29, 30) . None of the strictly DNA base analogues had such effect (29) . Actinomycin D was effective (30) , and so were 2 amino acid analogues, 5-methyltryptophane and ethionine (20) (21) (22) , but not any of the common respiratory and glycolytic inhibitors (20) . The leaf morphology of a water fern could be affected by application of 5-fluorouracil and 2-thiouracil, in the sense that normal lobation was suppressed and the characteristic sunken stomata of the land-form were favored (39) . Similarly, 2-thiouracil affected leaf morphogenesis in flowering plants (17) , and 5-fluorouracil has been demonstrated as an inhibitor of flower induction (8) . 1 This study was supported partly by grant GM 12547 from the National Institutes of Health, United States Public Health Service. 2 A preliminiary report of this work has been presented at the 1966 meeting of the American Society of Plant Physiologists at the University of Maryland.
Among the fungi, light-induced sporulation of Trichoderma viride was prevented by 5-fluorouracil and 8-azaguanine, without reduction in its growth rate (12) . Conidiophore development was specifically inhibited by 6-thioguanine, and spore differentiation by 6 -ethylthiopurine in Aspergillus niger (2) . Transformation from yeast-like to mycelial growth was promoted by 5-fluorodeoxyuridine in Ophiostom1a multiannutlatum (19) , but it was inhibited by cvcloheximide in Mucor rouxii (14) . Cycloheximide, which has been shown to be a strong inhibitor of ribosomal synthesis and activity in Saccharomyces (11, 34) , Neuirospora (10) and Muicor (14) , also produced striking morphogenetic effects in Allomyces (38) . It induced orange gametangium-like structures on the sporophyte of Allomyces in place of the normal sporangia.
There is considerable evidence, therefore, that effective developmental regulation can be achieved, without seriously impairing growth in general, in a wide variety of organisms, with certain nucleic acid base analogues. We became interested in finding organisms which could be grown rapidly and be better suited for physiological and biochemical investigations than higher plants or animals are, and which at the same time undergo a well-defined and acces-
Materials and Methods
Orrganism. A wild-type strain of Sordaria firnicola (Rob.) Ces. et de Not. was obtained from the American Type Culture Collection (culture 14517).
MWediumt. A sucrose-nitrate medium, with thiamine and biotin added, was used wlhich has been reported to be optimal for perithecial initiation and development (1, 4, 26) . Its Biological Laboratories or Difco Laboratorv) in 1000 ml distilled water. The final pH of the medium was 6 .0. Stock cultures wvere maintained on this medium, transferred every 2 wxeeks, allowe\d to grow at 240 until perithecia were formed and then kept at 4'. Blocks (ca. 5 mmn cubes) of the agar stock cultures were used as inocula. The ascospores of this organism will germinate reliably only under pH 5 (7), and cannot be induced by lheat treatment, which niakes them unsuitable for use as inoculum.
Inhibitors. The compounds used were obtained from commercial sources, except for 25 mg When the rates of growth of leading hwphlae were compared with the rates of advance of the front in the growth tubes in the course of the ,Iame experiment, the former values were usually --bout 20 % higher than the later. This is not unexpected. since the leading hyiphae are the fastest growing elemenits of the mycelium, and they may occasional'-be growing at angles to the axis of the grow-th\ tube, which would result in a slower advance of the front than that of its components.
In the course of our experimental x\ ork we stalrte(d out using agar from the Baltimore Biological Laboratories iIi our media, later w-e switched to Difco agar. Over a period of several monthS a gradual decrease in growth rates took place in our control cultures. We tried to restore thle original growth rate (w-hich was as high at 19.4 (13, 2S, 31) , and the physiology of their formation has been reviewed (15, 16, 36) . The initiation of the perithecium starts with a hook-or coil-shaped outgrowth from one of the 12 to 24 hours old branch hyphae. A septum soon delimits the initial from the hypha, which is itself septate as a rule. The coiled initials soon become enveloped by neighboring hyphae that are attracted to them, which then begin to turn dark brown at about 24 hours after the first appearance of the initials. The perithecia become mature and start to discharge spores about 3 days later. In control cultures the perithecia are formed half embedded in the agar, with their necks about 1 mm above the surface, while in the presence of some of the inhibitors the entire perithecium may be submersed in the agar, sometimes in a well defined layer a few mm below the surface.
Not all the initials mature, in fact on our control plates there were 1.5 mature perithecia as against 10 undeveloped ones per mm2 2 weeks after inoculation (at 240 under continuous fluorescent light).
This perithecial density was observed throughout as the KNO3 concentration varied between 0.5 and 2 g/l, and it was about half of that at 0.1 g/l nitrate. We did not attempt to obtain numerical values for perithecial densities in our experiments, and have scored the plates between "O" for no initials detectable even by microscopic observations, to "--+ + " for the perithecial density found in our control cultures as given above. It was also noted for each plate and tube whether perithecial initiation or (35) , except for the fact.' that these chang-es did not take place synchronoul\--, and that the periods in our case were of 2 to 3 hiouirs duiration, as against being circadian in the mutants. Nevertheless, azauracil has the effect of mimilickinig, in a sense, the clocki mutation.
The last 2 inhibitors treatedl in where -roxlth was quite irregular.
Perithecia disappeared completely at 2.4-dinitrophenol concentrations of 500 ttm where linear growth was reduced to 40 % of the control an(l branching to 58 %. Finally, thiourea did not inhibit perithecial formation completely until 10 mn\i was reached, at which point both the growth and branching rates were less than a quarter of the control. At 0(.1 mM it affected the growth rate much more than the branching frequency, with the resulting high branch density shown in figure 8 . In short, while fluoride was not inhibitory at all to perithecial formation and dinitrophenol and thiourea did so unselectively and at relatively high concentrations, azide and cyanide, particularly the latter, could be considered quite good selectiv%e inhibitors. Both induced the submiierged formationi of perithecia as well, wlhich is also characteristic of the effective RNA-base analogues. There is a tendle!ncv in cultures inhibited by azide to produce some perithecia after a long delay ('10 days or mlore ) \-dhich may be due to its inactivation by the cells, or [o spoiitanieous deconmposition.
The last part of our data \-as obtainecl from experiments using different kinds of nitrogen sources Our data seeml to indicate that branching frequency is a more stable parameter to follow than branch density. For instance, while the branch density (table IV) varies 3 to 5-fold between urea-and asparagine-grown cultures on one hand, and (NH4) 2 S04-grown ones on the other, the branching frequencies of these cultures are all betwveen 9.4 and 13.7 branches per 100 minutes, a variation of only + 2(0 % from the control. Similarly', in the presence of various inhibitors the branch density ma'y fluctuate quite erratically with the concentration of the inhibitor, or with time (as in fig 3) , while thle branching frequency may either show a steady (lecrease, or remain constant, but it never increases by' more than 20 % over the control. These observ'ations seem to imply that branching frequency is tunlder an independent physiological control, while branch density is a (lependent variable determined joinitly lby the local branching frequency and hyphal growth rate. In other words, a leadinlg hypha seems to be determined to bratnch periodically (uinder our control conditions about once every 10 minns), irrespective of what the growth rate happenis to be; this riesults in fewer branches per unit length when the growth rate is high (figs 9 and 12), or in more brallches per unit length When the growvth rate is low (figs 8 and 10) .
So far, all our data have referred to leading hyphae. Similar their case special allowance has to be made for the first 2 to 3 hundred micra from their origin, in which region very f-ew secondary branches originate.
We have noted that in the presence of 6-azauracil the hyphal growth rate underwent rapid f;luctuiations, while the branching frequency stayed more or less constant, and also that in the presence of some of the thioderivatives (especially 2-thiouracil and 2-thioguanine) an unusually high number of branching places were observed which were dichotomous. Both of these effects mimic the action of the clock mutants of N. crassa (35) .
As to the analogues that were found( to be good inhibitors of perithecial formation, we hoped that a consistent relationship would exist witlh respect to their effect on branching. We did find that all the compounds that inhibited perithecial formation also reduced the branching frequency (cf. data with azauracil, azaadenine, azaguanine, fluorouracil. cyanide, azide and high concentration of casein hvdrolysate). The equivalent statement, that all the compounds which did not reduce the branching frequency did not inhibit the formation of perithecia, was also supported (using thiouracil, thioguanine, benzyladenine, mercaptopurinc, fluorophenylalanine). It was not the case, however, that every conmpound which was a good inhibitor of branching was also a good perithecial inhibitor, since, for instance, actinomvcin D, puromycin, cycloheximide and thiourea drastically lowered the branching frequency, yet exerted only a weak inhibition of perithecial initiation. In other words, all good perithecial inhibitors were found to be good branching inhibitors, but not all branching inhibitors were good perithecial inhibitors. It seems, therefore, that some physiological factor, which is necessary for the production of perithecia, is also needed for maintaining a normal rate of branching.
